Site-specific characterization of the association of xylooligosaccharides with the CBM13 lectin-like xylan binding domain from Streptomyces lividans xylanase 10A by NMR spectroscopy.
Endo-beta-1,4-xylanase 10A (Xyn10A) from Streptomyces lividans includes an N-terminal catalytic module and a 130-residue C-terminal family 13 carbohydrate-binding module (CBM13). This latter domain adopts a beta-trefoil structure with three potential binding sites (alpha, beta, and gamma) for a variety of small sugars, xylooligosaccharides, and xylan polymers. To investigate the role of this multivalency in carbohydrate binding, we have used NMR spectroscopy to characterize the interaction of isolated CBM13 with a series of sugars. We have assigned resonances from the main chain nuclei of CBM13 using heteronuclear NMR experiments. Analysis of (15)N NMR relaxation data using the extended model free formalism reveals that CBM13 tumbles as an oblate ellipsoid (D( parallel)/D( perpendicular) = 0.80 +/- 0.02) and that its backbone is relatively rigid on the sub-nanosecond time scale. In particular, the three binding sites show no distinct patterns of increased internal mobility. Ligand-induced chemical shift changes in the (1)H-(15)N HSQC spectra of CBM13 were monitored as a function of increasing concentrations of L-arabinose, lactose, D-xylose, xylobiose, xylotetraose, and xylohexaose. Patterns of shift perturbations for well-resolved resonances demonstrate that all of these sugars associate independently with the three binding sites of CBM13. On the basis of the site-specific association constants derived from a quantitative analysis of these titration data, we show that L-arabinose, lactose, and D-xylose preferentially bind to the alpha site of CBM13, xylobiose binds equally well to all three sites, and xylotetraose and xylohexaose prefer binding to the beta site. Inspection of the crystallographic structure of CBM13 [Notenboom, V., Boraston, A. B., Williams, S. J., Kilburn, D. G., and Rose, D. R. (2002) Biochemistry 41, 4246-4254] provides a rationalization for these results.